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Rottura progressiva The term progressive failure is used to describe situations where the soil (or rock) is strain weakening, and this results in areas of high stress in a slope reducing in strength as the soil yields (either in drained or undrained loading) with the stresses in the slope redistributing to adapt to the changed yield strength. To have progressive failure, it is necessary to have non-uniformity of shear stresses, and boundary conditions such that strains exceeding failure may develop. This may progress through to collapse of



Rottura



the slope. (Fell et al. 2000)



Sono interessati dal fenomeno della rottura progressiva terreni a comportamento fragile



(Modificato da Leroueil et al. 1996) Post-rottura



Velocità



Siamo nella fase di pre-rottura



Pre-rottura



Riattivazioni occasionali Riattivazioni attive



Tempo Fell, R., Hungr, O., Leroueil, S., Riemer, W. (2000). Keynote lecture - geotechnical engineering of the stability of the natural slopes and cuts and fills in soil. Proc. GeoEng2000, Melbourne, Australia, 21-120. Leroueil, S., Locat, J., Vaunat, J., Picarelli, L. and Faure, R. (1996). “Geotechnical characterisation of slope movements”. Proceedings of the Seventh International Symposium on Landslides, (Ed. K. Senneset) Trondheim, Norway, Balkema, Rotterdam. Vol 1, pp.53-74. Corso di Frane, Laurea Magistrale in Ingegneria per l'Ambiente ed il Territorio, Università di Salerno (Prof. ing. Michele Calvello, A.A. 2012-2013) - Rottura progressiva - Pagina 2 di 14



Rottura progressiva Terreni a “comportamento fragile” (D’Elia et al. 1998)



Indice di fragilità Indice di fragilità generalizzato



(Bishop 1967)



(D’Elia et al. 1998) = sforzo di taglio mobilitato al livello di deformazione (spostamento) considerato



Bishop, A.W. (1967). “Progressive failure - with special reference to the mechanism causing it”. Proceedings of the Geotechnical Conference on Shear Strength Properties of Natural Soils and Rocks, Oslo, Vol. Vol 2, pp.142-150. D’Elia, B., Picarelli, L., Leroueil, S. and Vaunat, J. (1998). “Geotechnical characterisation of slope movements in structurally complex clay soils and stiff jointed clays”. Rivista Italiana di Geotecnica, Anno XXXII, No.3: pp.5-32. Corso di Frane, Laurea Magistrale in Ingegneria per l'Ambiente ed il Territorio, Università di Salerno (Prof. ing. Michele Calvello, A.A. 2012-2013) - Rottura progressiva - Pagina 3 di 14



Rottura progressiva Terreni a “comportamento fragile” (D’Elia et al. 1998)



In the context of slopes, IBG, must be associated to stress paths that are representative of those followed in situ, and must thus not be seen as a fundamental characteristic of a soil. With this extended definition, not only overconsolidated clays, clay shales, sensitive clays, residual soils and loess, but also cohesionless soils such as loose sands may behave in a brittle manner in undrained conditions. [..] Progressive failure may occur in any strain weakening material (Fell et al. 2000)
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Rottura progressiva - Bjerrum (1967) If shear stresses locally reach the peak shear strength of the material, there is local failure. If the soil presents some strain-softening behaviour, the failed soil elements will support a decreasing shear stress as strain increases. The part of the shear stress which is not supported anymore by the failed elements is then transferred to the neighbouring soil elements that can fail in turn. The process continues until an equilibrium between shear stresses and strains (or displacements) has been reached. At that time, along a potential failure surface, part of it can exceed the peak, with possibly some elements at large deformation or residual strength, whereas another part of the potential surface has not reached the peak. If such equilibrium cannot be obtained, the process will continue until failure conditions extend along the entire failure surface. (Fell et al. 2000) Bjerrum, L. (1967). “Progressive failure in slopes of overconsolidated plastic clay and clay shales” (Terzaghi Lecture),.ASCE, Journal of the Soil Mechanics and Foundations Division, Vol 93 (No. SM5), pp.2-49. Corso di Frane, Laurea Magistrale in Ingegneria per l'Ambiente ed il Territorio, Università di Salerno (Prof. ing. Michele Calvello, A.A. 2012-2013) - Rottura progressiva - Pagina 5 di 14



Rottura progressiva - “The Selborne cutting stability experiment” (Cooper 1996, Cooper et al. 1998, Bromhead et al. 1998) Geometria del pendio



A field experiment in which a 9 m deep cut slope in Gault Clay was brought to failure by pore pressure recharge. [..] The site was extensively instrumented using piezometers, inclinometers and surface wire extensometer lines. [..] It was found that the failure of the slope took place as a result of a progressive failure mechanism, with movements initiating at the toe of the slope at an early stage in the experiment. There is some evidence that a similar progressive failure mechanism also developed from the crest of the slope. Cooper, M.R. (1996). “The progressive development of a failure slip surface in over-consolidated clay at Selborne, UK”. Proceedings of the Seventh International Symposium on Landslides, (Senneset ed.) Trondheim, Norway, Balkema, Rotterdam. Vol. Vol 2, pp.683-688. Cooper, M.R., Bromhead, E.N., Petley, D.J. & Grant, D.I. (1998). “The Selborne cutting stability experiment”, Geotechnique, Vol. 48(1), pp.83-101. Bromhead, E.N., Cooper, M.R. & Petley, D.J. (1998). “The Selborne cutting slope stability experiment (CD-ROM “The Selborne data collection CD”)”. Corso di Frane, Laurea Magistrale in Ingegneria per l'Ambiente ed il Territorio, Università di Salerno (Prof. ing. Michele Calvello, A.A. 2012-2013) - Rottura progressiva - Pagina 6 di 14



Rottura progressiva - “The Selborne cutting stability experiment” Section and geotechnical properties
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Rottura progressiva - “The Selborne cutting stability experiment” Il pendio a rottura



The Selborne experiment has produced a large body of high-quality data, [..] of particular relevance to the primary purpose of the work, which was to produce a case record of the geometry, nature and development of a controlled cut-slope failure. [..] The character of the slip surface varied quite markedly according to its location on the crosssection. The lower part of the slip surface, in highplasticity Gault Clay, formed as a single, highly polished, strongly striated slickenside. The upper part of the slip surface, [..] gave a much wider zone of shearing [..]. The surface within this zone was much rougher, with little polishing, but striations were still clearly visible. In an intermediate section, [..] the slip surface was found to be well formed but to pass through a wider zone still of disturbed material.
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Rottura progressiva - “The Selborne cutting stability experiment” La fase di pre-rottura



Fine dello scavo (day -400)



Rottura (day 196)



The failure surface at Selborne developed progressively over the entire period of the fieldwork in the manner proposed by Bishop (1971). [..] Inclinometer 9, near the toe of the slope, experienced significant deflections starting immediately after slope cutting. Inclinometers 8 and 7, further into the slope, show a similar pattern but with less dramatic movements. Inclinometers 6 and 5, nearer the centre and back of the slope, show negligible movements for the first 400 days and only very small displacement during the early stages of pore pressure recharge (from around Day 0). Only with the onset of the final collapse stages did the central inclinometers show appreciable movements.
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Rottura progressiva - “The Selborne cutting stability experiment” La fase di pre-rottura



Letture inclinometriche Lettura di zero = fine dello scavo (giorno -400)



(Leroueil 2001 after Bromhead et al 1998)



All the inclinometers show a progressive deformation of the soil mass with occurrence of local shearing at some time. Shortly after excavation, localized shearing appeared at the toe of the cut, whereas the overall factor of safety was larger than 1.26 (localization was already evident on day – 171 in I.08, at a depth of about 2 m). At the time of reading C, the profile in I.06 is continuous whereas localizations were observed at a depth of about 2 m in I.04 and I.08. At the time of reading D, localization was discernible in all the inclinometers, except inclinometer I.05 (the global factor of safety was close to 1.04 at that time). The last reading shows localization along the entire slip surface, and failure occurred 10 days later (I.04 also shows that another slip surface is developing, about 4 m below the first one).
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Rottura progressiva - “The Selborne cutting stability experiment” Analisi all’equilibrio limite (Fell et al 2000) The strain developed in the slope, and along potential failure surfaces is not uniform, so the mobilized shear strength (or degree of strain weakening between peak and residual) is not constant, and conventional limit equilibrium analysis using peak strength will over-estimate the factor of safety, and those using residual strengths, will under-estimate the factor of safety. A number of authors have developed simplified methods to allow for this in Limit Equilibrium Analysis (LEA). These are summarized in Mostyn and Small (1987). To model the slopes correctly, numerical analysis is necessary. These need to model the strain weakening of the soil, (which is not simple, particularly if the strain weakening material is not in a confined layer). However approximate numerical analyses, combined with LEA using the range of possible strengths, can give a reasonable understanding of the slope behavior.
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Rottura progressiva - “The Selborne cutting stability experiment” Analisi all’equilibrio limite The detail available on the slope's progression to failure provides valuable insight into the meaning of, and behaviour to be associated with, various calculated factors of safety (Janbu rigorous analysis). [..] All the analyses use the same ‘first-time’ shear strength parameters derived by the process of applying the full laboratory measured value of φ’ peak and reducing c’ to zero or near zero (Chandler & Skempton 1974). In this case c’ = 1 kPa was used. The analyses gave the following results. • Day 2. Appreciable shearing on the basal part of the eventual slip surface, possibly to near a residual strength condition at the toe. Overall slope ‘stable’. FJanbu = 1.26. • Day 170. Displacements discernible all along slip surface but not accelerating. Slope at limit of stability. FJanbu = 1.06. • Day 184. All inclinometers and extensometers showing accelerating displacements. `Engineering failure'. FJanbu = 1.00. These results show clearly the effectiveness of limit equilibrium methods in providing a realistic estimate of failure conditions, but also underline the importance of correct parameter selection. The Selborne data provide additional support for the use of the empirically derived device of applying ‘first-time’ strength parameters. At the same time they clearly demonstrate that the device has no basis whatsoever in the reality of the actual shear strength parameters likely to be acting at any point on the failing surface. Chandler, R. J. & Skempton, A. W. (1974). The design of permanent slopes in stiff fissured clays. Geotechnique 24, 457-464. Corso di Frane, Laurea Magistrale in Ingegneria per l'Ambiente ed il Territorio, Università di Salerno (Prof. ing. Michele Calvello, A.A. 2012-2013) - Rottura progressiva - Pagina 12 di 14



Rottura progressiva - “The Selborne cutting stability experiment”



sforzo di taglio



Sforzi di taglio mobilitati = f (tempo, posizione)



(andamenti qualitativi)
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Dispense Articoli principali Geotechnical engineering of the stability of the natural slopes and cuts and fills. Fell R., Hungr O., Leroueil S., Riemer W. (2000). Proc. GeoEng2000, Melbourne, Australia. 
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